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Abstract
We study asymptotically AdS generalizations of Melvin spacetimes, describ-
ing gravitationally bound tubes of magnetic flux. We find that narrow flux-
tubes, carrying strong magnetic fields but little total flux, are approximately
unchanged from the Λ = 0 case at scales smaller than the AdS scale. However,
fluxtubes with weak fields, which for Λ = 0 can grow arbitrarily large in radius
and carry unbounded magnetic flux, are limited in radius by the AdS scale and
like the narrow fluxtubes carry only small total flux. As a consequence, there
is a maximum magnetic flux Φmax = 2pi/
√−Λ that can be carried by static
fluxtubes in AdS. For flux Φtot < Φmax there are two branches of solutions,
with one branch always narrower in radius than the other. We compute the
ADM mass and tensions for AdS-Melvin fluxtube, finding that the wider radius
branch of solutions always has lower mass. In the limit of vanishing flux, this
branch reduces to the AdS soliton.
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1 Introduction
The Melvin solution [1] to 4D Einstein-Maxwell theory describes a stable [2, 3] gravita-
tionally bound tube of magnetic flux and has enjoyed enduring interest over the years in a
number of physical contexts. The solution generating tool developed in [4] allows a Melvin-
type magnetic field to be added to any axisymmetric, asymptotically flat solution to the
Einstein-Maxwell equations. Recent studies of rotating black hole spacetimes immersed in
magnetic fluxtubes include [5, 6, 7].
Adding a magnetic field to the magnetically charged C-metric, which describes a pair of
Reissner-Nordstrom black holes accelerating away from one another [8], produces the Ernst
spacetime [9] where the magnetic field supplies the accelerating forces on the black holes,
rather than the unphysical conical singularities of the C-metric. The Euclidean Ernst
spacetime, in turn, provides an instantonic pathway for a magnetic field to decay via pair
production of magnetically charged black holes [10].
Generalizations of the Ernst spacetime in dilaton gravity theories were found in [11]. It
was also observed [11, 12] that for the particular value of dilaton coupling corresponding to
Kaluza-Klein reduction from 5D vacuum gravity, the dilatonic Melvin solution [13] arises
from reduction of flat 5D Minkowski spacetime with certain twisted identifications. A
string theory interpretation of the results of this construction in Kaluza-Klein reduction
from D = 11 supergravity to D = 10 Type IIA supergravity was given in [14]. The general
notion of flux p-branes, Melvin-like solutions that are translation invariant in p spatial
directions and time, was developed in [15] together with a number of further examples,
including a supersymmetric flux 5-brane.
Our focus in this paper is on properties of Melvin fluxtubes in anti-deSitter backgrounds,
which have been found in [16] (see also [17]). We find a number of interesting new fea-
tures. For Λ = 0 Melvin fluxtubes are not asymptotically flat. As the radial coordinate is
increased beyond the fluxtube radius, circles surrounding the fluxtube begin to decrease in
circumference, with the circumference shrinking to zero at infinite radius. One cannot then
e.g. compute the mass per unit length of a Λ = 0 Melvin fluxtube. AdS-Melvin spacetimes,
however, are asymptotically AdS and we can compute their ADM charges.
We also find consequences of the confining, box-like properties of AdS. The characteristic
radius of Λ = 0 Melvin fluxtubes goes inversely with the strength1 B of the magnetic field.
Λ = 0 fluxtubes with strong magnetic fields are narrow and carry only small quantities
of magnetic flux, while fluxtubes with weak magnetic fields are broad and carry large
amounts of magnetic flux. The total flux diverges as the limit of vanishing field strength
is approached, since a field of strength B covers an area that scales as 1/B2. In AdS, the
1We will assume in this paper that B ≥ 0 and hence also that all magnetic fluxes are positive. This will
simplify a number of formulas which would otherwise require absolute value signs.
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behavior of fluxtubes with strong magnetic fields and radii much smaller than the AdS
length scale is essentially unchanged. However, as B is decreased the radii of fluxtubes
are now cutoff at a scale of order the AdS length scale. The total magnetic flux of an
AdS-Melvin spacetimes then vanishes as B → 0, since a smaller and smaller field strength
is now spread out over only a finite area.
Since the total flux of an AdS-Melvin fluxtube vanishes both in the limits of small and
large B, it must have a maximum for some intermediate value of B. We find that the
maximum magnetic flux that can be accommodated in AdS in the form of a static AdS-
Melvin fluxtube is given by Φmax = 2pi/
√−Λ. Although it is possible that other static flux
configurations exist, this suggests that spacetimes with flux Φtot > Φmax will be dynamical,
and given the confining nature of AdS it seems likely that the fate of such configurations
is gravitational collapse. On the other hand, for Φtot < Φmax there are two AdS-Melvin
fluxtubes with different values of the magnetic field strength B. In the limit of small flux,
Φtot  Φmax, one of these fluxtubes will be narrow, while the other will have radius of
order the AdS length scale. It seems likely that one of these branches of solutions will be
stable and the other unstable. We will not carry out a stability analysis here. However, we
will offer a number of comments regarding the possible (in)stability of the two branches. In
particular, we find that the broader branch of fluxtubes always has lower mass and connects
smoothly for B = 0 to the AdS soliton [18].
The paper proceeds in the following way. In section (2) we recall basic properties of the
Melvin spacetime. In section (3) we present the AdS-Melvin spacetimes [16] and explore
the properties noted above. In section (4) we compute the ADM mass and tensions of AdS-
Melvin spacetimes. Finally we offer some conclusions and notes on directions for future
work in section (5).
2 Melvin Spacetime
We will be interested in solutions to 4D Einstein-Maxwell theory with a cosmological
constant
S =
∫
d4x
√−g (R− 2Λ− F 2) (1)
and particularly in the case Λ < 0. However, we begin by recalling properties of the
Melvin solution [1] with Λ = 0, which describes a static, cylindrically symmetric bundle of
2
magnetic flux
ds2 = (1 +
B2ρ2
4
)2
(−dt2 + dx2 + dρ2)+ 1
(1 + B
2ρ2
4
)2
ρ2dφ2 (2)
Aφ =
2
B
(
B2ρ2
4
1 + B
2ρ2
4
)
In addition to its invariance under translations in t, x, the spacetime has a boost symmetry
in the x-direction. The φ coordinate is usually assumed to be identified φ ≡ φ + 2pi, so
that translation symmetry in φ can be thought of as rotation symmetry around the axis at
ρ = 0. Geometric properties of the spacetime are characterized by the Melvin radius
ρM =
2
|B| (3)
Near the rotational axis, i.e. for ρ ρM , the metric is approximately that of flat spacetime
in cylindrical coordinates. The Melvin spacetime is not asymptotically flat at large ρ,
instead having the asymptotic form for ρ ρM
ds2 '
(
ρ
ρM
)4 (−dt2 + dx2 + dρ2)+ (ρ4M
ρ2
)
dφ2 (4)
This limiting form coincides with a non-flat solution of the static, cylindrically symmetric,
vacuum Levi-Civita class (see reference [19] for a discussion).
The behavior of the metric component gφφ for the Melvin spacetime (2) is shown by the
solid line in figure (1). For small radii, such that ρ  ρM , the angular component of the
metric tracks that of flat spacetime in cylindrical coordinates, shown by the dashed line,
while asymptotically for large radii it comes into agreement with non-flat Levi-Civita form
in (4) shown by the dotted line. Correspondingly, the circumferences of circles of sufficiently
small constant values of ρ initially increase with ρ as in flat spacetime. However, for larger
values of ρ the circumference reaches a maximum value before decreasing asymptotically
to zero size.
The profile of the magnetic field in the Melvin spacetime can be understood by considering
the magnetic flux Φ(ρ) contained within a circle of radius ρ. The flux is given simply by
the line integral of the gauge potential
Φ(ρ) =
∮
Aφ(ρ)dφ (5)
=
4pi
B
B2ρ2
4
1 + B
2ρ2
4
(6)
This has the following limiting behavior for circles either much smaller, or much larger,
than the Melvin radius
Φ(ρ) '
{
Bpiρ2, ρ ρM
4pi
B
, ρ ρM (7)
3
ρ�ϕϕ
Figure 1: Plot of the angular metric component gφφ versus radius for the Melvin spacetime.
For small circles, the flux grows like a constant magnetic field strength B times the flat
space area piρ2 for a circle of radius ρ. However, for circles larger than the Melvin radius
the flux approaches the asymptotic value
Φtot =
4pi
B
(8)
The majority of the magnetic flux is contained within a few Melvin radii surrounding the
ρ = 0 axis and it is reasonable to think of ρM = 2/|B| as an approximate fluxtube radius.
Due to the inverse relationship between the fluxtube radius and the field strength, fluxtubes
with strong field strengths are narrow and carry little total flux Φ. Fluxtubes carrying weak
magnetic fields, by contrast, have such a large cross section that the flux Φ tends to infinity
in the limit of weak fields. We will see that this latter property is dramatically changed in
AdS.
3 AdS-Melvin spacetimes
An AdS generalization of Melvin was found in [16] (see also [17]). However, its physical
properties have not been extensively explored. The construction in [16] employs a general-
ization to Λ 6= 0 of the solution generating tool of [4]. With Λ = 0, this technique produces
the Melvin spacetime (2) starting from flat spacetime in cylindrical coordinates as a seed
metric. The seed metric used in [16] is not the AdS metric, but rather the AdS soliton
metric [18], which shares certain important features with the flat metric in cylindrical co-
ordinates2. Because the AdS-Melvin spacetime will reduce to the AdS soliton for B = 0,
we start by recalling its basic features.
2Note that the AdS soliton spacetime has negative mass with respect to the AdS asymptotics [18]. It is
conjectured in [18] that the soliton is the lowest energy state with a compact spatial coordinate and also
in this sense, it seems like a natural starting point for the AdS-Melvin construction.
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The AdS soliton [18] is obtained via analytic continuation from the planar AdS black hole,
and the metric is given by
ds2 =
l2
r2
dr2
F (r)
+
r2
l2
(−dt2 + dx2 + F (r)dy2) , F (r) = 1− r30
r3
(9)
where l is the AdS length scale given by l2 = −3/Λ. The soliton radius rs defined by
the condition F (rs) = 0 is given simply by rs = r0. The y-coordinate is assumed to be
periodically identified
y ≡ y + Ly (10)
with periodicity chosen such that the spacetime caps off smoothly at the soliton radius, in
the manner of a Euclidean black hole. The period Ly is the analogue of the inverse black
hole temperature. To identify the correct period Ly, we can define new radial and angular
coordinates (ρ, φ) by means of the coordinate transformation
r = (1 +
3ρ2
4l2
) rs, y =
2l2
3rs
φ (11)
so that the soliton is now located at ρ = 0. The AdS soliton metric is now given in these
new coordinates by
ds2 =
(1 + 3ρ
2
4l2
)
H(ρ)
dρ2 +
H(ρ)
(1 + 3ρ
2
4l2
)
ρ2dφ2 +
r20
l2
(1 +
3ρ2
4l2
)2(−dt2 + dx2) (12)
H(ρ) =1 +
3ρ2
4l2
+
3ρ4
16l4
Focusing in on a small patch around the soliton radius with ρ/l 1, we see that the metric
is approximately the flat metric in cylindrical coordinates
ds2 ' dρ2 + ρ2dφ2 + r
2
0
l2
(−dt2 + dx2) (13)
This will be smooth at ρ = 0 if the angular coordinate φ is identified with period 2pi. We
then see from (11) that the correct identification Ly for the original y coordinate is given
by
Ly =
4pil2
3rs
(14)
Recalling that the flat seed metric that yielded the Λ = 0 Melvin spacetime via solution
generating [4] was the Minkowski metric in cylindrical coordinates, the fact that the AdS
soliton has this same limiting form for small ρ makes it the appropriate starting point for
the generalized solution generating method of [16].
It was pointed out [17] that the AdS-Melvin solution obtained by solution generating in
[16] is equivalent under a coordinate transformation to a magnetized version of the AdS
5
soliton given by
ds2 =
l2
r2
dr2
F (r)
+
r2
l2
(−dt2 + dx2 + F (r)dy2) , (15)
F (r) =1− r
3
0
r3
− B
2l6
r4
, Ay = −Bl
2
r
which is itself an analytic continuation of the charged planar AdS black hole. We want to
understand what properties this magnetized soliton spacetime shares with Λ = 0 Melvin
(2) and what aspects are qualitatively changed by the presence of a nonzero, negative
cosmological constant.
A first observation is simply that the AdS-Melvin spacetime (15) is asymptotically AdS. The
newO(1/r4) term added to the metric function F (r) does not change the leading asymptotic
behavior relative to the AdS soliton spacetime. This contrasts with Λ = 0 Melvin, which
fails to be asymptotically flat. However, it is consistent with the expectation that AdS
generally acts like a box, in this case confining the Melvin magnetic flux3. These confining
properties of AdS effectively regulate the poor asymptotic behavior of Λ = 0 Melvin. In
particular, this will allow one to compute ADM charges for AdS-Melvin spacetimes (see [23]
for the relevant formulas) and to analyze the thermodynamics of AdS-Melvin spacetimes.
While AdS dominates at large radius, the region surrounding the soliton exhibits Melvin-
type physics. For a fixed value of B, we organize the analysis by specifying the soliton
radius rs > 0 defined by F (rs) = 0. The parameter r0 in the metric (15) is then given by
r30 = (1− Bˆ2l2)r3s (16)
Here Bˆ is a rescaled magnetic field strength parameter given by4
Bˆ =
l2
r2s
B (17)
Again we will require that the spacetime cap off smoothly at the soliton radius. In order to
identify the correct periodicity Ly, we transform to the new radial and angular coordinates
(ρ, φ) given by the coordinate transformation
r = (1 + αρ2)rs, y =
1
2αrs
φ (18)
where the parameter α is given by
α =
Bˆ2
4
(1 +
3
Bˆ2l2
) (19)
3It also appears consistent with the Λ > 0 results of [20], in which the effects of a positive cosmological
constant dominate at infinity over those of matter satisfying a reasonable energy condition, although we
have not analyzed this in detail for Λ < 0.
4The AdS-Melvin spacetime presented in [16] is restricted to the case rs = l.
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With B = 0 these expressions reduce to the coordinate transformations (11) used above
for the unmagnetized AdS soliton. The AdS-Melvin spacetime now has the form in these
new coordinates
ds2 = (1 + αρ2)2
(
−dtˆ2 + dxˆ2 + dρ
2
H(ρ)
)
+
H(ρ)
(1 + αρ2)2
ρ2dφ2 (20)
Aφ =
2
Bˆ(1 + 3
Bˆ2l2
)
(
αρ2
1 + αρ2
)
, H(ρ) = 1 +
3ρ2
2l2
(1 +
2
3
αρ2 +
1
6
α2ρ4) (21)
where tˆ = rst/l and xˆ = rsx/l and a gauge transformation has been made such that Aφ
vanishes at ρ = 0. The metric will be regular at ρ = 0 if the angular coordinate φ has
the standard identification φ ≡ φ + 2pi. This implies that the periodicity of the original
y-coordinate periodicity should be taken to be
Ly =
4pi
rsBˆ2(1 +
3
Bˆ2l2
)
(22)
From a physical perspective, it makes sense to choose Ly as one of the independent param-
eters specifying a solution.
We can now compare AdS-Melvin spacetime in the form (20) with the original Λ = 0
Melvin spacetime (2). As noted in [16], AdS-Melvin reduces correctly to Λ = 0 Melvin
when the AdS length scale l is taken to infinity with Bˆ held fixed. We can also see a
Melvin regime emerge in (20) for finite l, by restricting our attention to the regime ρ  l
for fluxtubes that are narrow compared to the AdS radius, which we will see below is the
condition Bˆ2l2  1. In this regime the parameter α ' Bˆ2/4 and the function H(ρ) ' 1,
giving the Melvin form of the metric (2) to close approximation.
The coincidence of narrow AdS-Melvin fluxtubes with Melvin is illustrated in figure (2(a)),
which shows the metric component gφφ as a function of the radial coordinate ρ for a fluxtube
with Bˆl = 200. The dashed line shows the Melvin form of gφφ, while the solid line shows
the AdS-Melvin behavior. The AdS-Melvin fluxtube tracks the Melvin form through the
peak and subsequent falloff in the size of circles of constant ρ before departing to its
asymptotically AdS form. Increasing Bˆl further would expand the region through which
AdS-Melvin tracks the Λ = 0 Melvin form. A broader fluxtube with Bˆl = 2 shown in figure
(2(b)) departs from the Melvin form at a much earlier stage of its radial development. The
circumference of circles in broad AdS-Melvin fluxtubes increase monotonically with radius.
The magnetic flux Φ(ρ) enclosed by a circle of radius ρ in the AdS-Melvin spacetime is
computed from the line integral around the circle of the gauge potential in (20) with the
result that
Φ(ρ) =
αρ2
1 + αρ2
Φtot, Φtot =
4pi
Bˆ(1 + 3
Bˆ2l2
)
(23)
7
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(a) Narrow fluxtube
ρ
�ϕϕ
(b) Broad fluxtube
Figure 2: Plots comparing the radial evolutions of narrow and broad AdS-Melvin fluxtubes
in comparison with the form of Melvin fluxtubes. Note that the horizontal axis on the right
has been rescaled in order to facilitate this comparison. The rescaling causes the broad
fluxtube to appear narrower than its narrow counterpart on the left.
where Φtot is the total magnetic flux of the spacetime. The radial profile of the flux is
characterized by the AdS-Melvin radius
ρM =
1√
α
=
2
Bˆ
√
1 + 3
Bˆ2l2
(24)
The behavior of the AdS-Melvin radius is controlled by the dimensionless parameter Bˆ2l2,
such that
ρM '
{
2
Bˆ
Bˆ2l2  1
2l√
3
, Bˆ2l2  1 (25)
We see that fluxtubes with large field strength Bˆ, such that Bˆ2l2  1, are indeed narrow
in correspondence with the Λ = 0 Melvin radius (3). However, the behavior of ρM is
qualitatively modified by Λ < 0 at weak field strength, such that Bˆ2l2  1. In this limit
the AdS-Melvin radius is comparable to the AdS radius, whereas the Λ = 0 Melvin radius
diverges. AdS spacetime is acting as a confining box for the Melvin magnetic flux.
The corresponding behavior for the total flux Φtot in these regimes is
Φtot '
{
4pi
Bˆ
, Bˆ2l2  1
piρ2M Bˆ, Bˆ
2l2  1 (26)
Again this coincides with the result for Λ = 0 Melvin for fluxtubes that are much narrower
than the AdS length scale, such that Bˆ2l2  1. Although the field strength inside the
fluxtube is large in this regime, the fluxtube radius is going to zero sufficiently fast that
the total flux goes to zero as the limit is approached. Turning to the weak field regime,
such that Bˆ2l2  1, we see that the flux Φtot also approaches zero in this limit, since a
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decreasing magnetic field strength is now spread over an area of only finite radius. This
is in contrast to the Λ = 0 case in which the total flux diverges, weak field strength being
spread throughout an increasingly large region. The vanishing, rather than divergence, of
Φtot as Bˆ tends to zero is a further aspect of how Melvin fluxtubes are regulated by the
presence of an AdS background.
Λ = 0 Melvin has a simple relationship (8) between the field strength and total magnetic
flux, such that the total flux decreases monotonically to zero as B increases. The flux Φtot
of AdS-Melvin (23) spacetimes, however, vanishes in both the limits of small and large field
strengths Bˆ, and therefore must have a maximum value Φmax for some intermediate value
of Bˆ. This is found to be
Φmax =
2pil√
3
=
2pi√−Λ (27)
and occurs for magnetic field strength Bˆmax =
√−Λ. We see then that AdS can only
accommodate a limited quantity of magnetic flux in a static Melvin-like configuration.
Note that this maximum value correctly diverges as Λ tends to zero.
For all smaller values of the flux, there will be two corresponding magnetic fluxtubes with
magnetic field strengths
Bˆ± =
2pi
Φtot
(
1±
√
1− Φ
2
tot
Φ2max
)
(28)
Looking at Φtot  Φmax, we see that Bˆ+ diverges in this limit corresponding to narrow
fluxtubes. This branch of solutions matches on to Λ = 0 Melvin as the cosmological
constant is taken to zero. For the Bˆ− branch, the magnetic field strength goes continuously
to zero with the flux and corresponds to flux tubes with widths of order the AdS length
scale. This branch will match continuously onto the AdS soliton metric as Φ and Bˆ− tends
to zero.
With two branches of solutions, it is often the case that one branch is stable and the other
unstable. In this case, both branches have a priori claims to stability. Λ = 0 Melvin
fluxtubes have been found to be stable [2, 3]. So, it is natural to conjecture that the Bˆ+
branch of solutions with Λ < 0 will continue to be stable. Given that AdS typically acts
as a confining box, we would also expect that the more compact flux configuration would
tend to be stable. On the other hand, the Bˆ− branch is continuously connected to the AdS
soliton, which is conjectured [18] to be the lowest energy state with fixed periodicity Ly
in the y-direction (see e.g. [21, 22] for recent work in this area). This might lead one to
expect that the Bˆ− branch should continue to be stable. We will not carry out a stability
analysis here, but we will show that if we fix the periodicity Ly and the total magnetic flux
Φtot, then the Bˆ− branch always has lower mass.
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4 ADM mass and tensions
Λ = 0 Melvin spacetimes are not asymptotically flat, and therefore one cannot compute
e.g. the mass of a Melvin spacetime relative to a flat background. However, AdS-Melvin
spacetimes are asymptotically planar AdS and so one can compute their ADM charges.
The list of charges includes, in addition to the massM, tensions Tx and Ty in the x and y
directions (see [23, 24]). Tension charges are defined similarly to the mass, but with respect
to asymptotic spatial translation Killing vectors and contribute to stress-strain terms in
the first law when the length of a compact direction is varied [25].
An asymptotically planar AdS spacetime in 4-dimensions has the following form in the
limit of large radial coordinate r
ds2 ' l
2
r2
(1 +
cr
r3
)dr2 +
r2
l2
(
(−1 + ct
r3
)dt2 + (1 +
cx
r3
)dx2 + (1 +
cy
r3
)dy2
)
(29)
where by virtue of the field equations the fall-off coefficients satisfy the sum rule cr − ct +
cx + cy = 0. In order that the ADM charges be finite, the spatial coordinates x and y are
assumed to be identified with periods
x ≡ x+ Lx, y ≡ y + Ly (30)
and the two dimensional volume v is defined by v = LxLy. The ADM mass and tensions
are then given by
M = v
16pil4
(2cr + 3(cx + cy))
TxLx = v
16pil4
(2cr + 3(−ct + cy)) (31)
TyLy = v
16pil4
(2cr + 3(−ct + cx))
The ADM mass and tensions satisfy the sum rule5M+TxLx+TyLy = 0 as a consequence of
the scaling Killing vector of AdS [26]. The sum rule is closely tied to conformal invariance
of the boundary theory and tracelessness of the boundary stress tensor.
We start by evaluating the ADM charges for the original AdS soliton spacetime (9), fixing
the period of identification Ly of the y-coordinate. The falloff coefficients are seen to be
cr = −cy = r3s and ct = cx = 0, with the soliton radius determined in terms of Ly by (14).
The mass and tensions for the AdS soliton are then found to be
M = TxLx = −4pi
2l2Lx
27L2y
, TyLy = +8pi
2l2Lx
27L2y
(32)
5The factors of Lx and Ly occurring along with the corresponding tensions arise because the boundary
integrals defining Tx and Ty do not include integraling respectively over the x and y directions. This
is analogous to the integral for the mass not including the time direction. Strictly speaking the tension
charges are tensions per unit time, which accounts for their different dimensionality from the mass [25].
10
in agreement with [18]. The negative soliton mass is attributed in the context of holography
to the Casimir energy of the CFT confined to the finite S1 in the y-direction [18]. It is
further conjectured that the AdS soliton is indeed the lowest mass state with these boundary
conditions [18]. If the AdS soliton is the ground state with these boundary conditions, then
its role (analogous to flat spacetime in the Λ = 0 case) as the seed metric for the construction
of AdS-Melvin spacetimes [16] seems natural.
We now compute the ADM mass and tensions for AdS-Melvin spacetimes. There are
different choices that one can make for the independent variables. We adopt a physical
perspective and fix the periodicity Ly and the total magnetic flux Φtot. Given Ly and
Φtot ≤ Φmax, there are then two solutions with different values of B and rs, such that the
rescaled field strength parameter takes either of the values Bˆ± given in (28).
The falloff coefficients are then given by
cr = −cy = (1− Bˆ2±l2)r3s , ct = cx = 0 (33)
where we have made use of equation (16) which gives the parameter r0 in the AdS-Melvin
metric in terms of the soliton radius rs and the magnetic field strength parameter Bˆ.
These latter quantities are found to be given in terms of Ly and Φtot for the two branches
of solutions by
rs± =
2pil2
3Ly
(
1∓
√
1− Φ
2
tot
Φ2max
)
, B± =
2piΦtot
3L2y
(
1∓
√
1− Φ
2
tot
Φ2max
)
(34)
The masses of the two solutions are then found to be
M± = −2pil
2Lx
27L2y
{
1− 3Φ
2
tot
2Φ2max
∓
(
1− Φ
2
tot
Φ2max
) 3
2
}
(35)
while the tensions are given by TxLx =M and TyLy = −2M. Recalling that the ‘-’ branch
of solutions matches smoothly to the AdS soliton as the flux is taken to zero, we see that
M− correctly reproduces the AdS soliton mass (32) in this limit. Moreover, we see that
the mass splitting between the two branches is given by
M+ −M− = −Ms
(
1− Φ
2
tot
Φ2max
) 3
2
≥ 0 (36)
where Ms is the AdS soliton mass (32). This shows that the narrower AdS-Melvin space-
times on ‘+’ branch of solutions always have greater mass than the fluxtubes on the ‘-’
branch that have radius of order the AdS length scale. We can note also that M± ≥ Ms
in accordance with the positive mass conjecture of [18].
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5 Conclusions
We have studied geometric features of AdS-Melvin spacetimes [16] and found a number of
interesting distinctions from the behavior of Λ = 0 Melvin spacetimes. We have seen that
these spacetimes display the confining properties of AdS, with the fluxtube radius cut off by
the AdS radius. This is qualitatively different from the behavior of Λ = 0 fluxtubes which
can have arbitrarily large radii. As a result of this cut off, there is a maximum magnetic
flux Φmax = 2pi/
√−Λ for Melvin fluxtubes in AdS. For |Φ| < Φmax, there are two branches
of fluxtubes with the same periodic identification Ly. From our computation of the ADM
charges we have seen that the branch of solutions with wider radii and lower field strength
always has the lower mass.
We comment on a number of possible directions for future work. It would be interesting to
probe the stability of the two branches of AdS-Melvin fluxtubes with degenerate flux and
Ly. In particular, it would be nice to know which, if any, of the reasons for (in)stability
given above are valid. It would likewise be interesting to explore the thermodynamics of
AdS-Melvin spacetimes. In this context, it is known that the surface area of the soliton
will make an entropy-like contribution [23, 27]. Generalized Melvin spacetimes have been
found that interpolate between different vacuum Levi-Civita regimes near the axis and
near infinity [19]. AdS analogues of Levi-Civita spacetimes are also known [28, 29] (see also
[24]). Work is in progress [30] to see whether generalized AdS-Melvin spacetimes can also
be constructed by means of solution generating methods [16].
Finally, it would be interesting to study deSitter analogues of the spacetimes considered
here. Cosmological analogues of Melvin spacetimes may be obtained from (2) by simple an-
alytic continuation [19] (see [31] for higher dimensional generalizations). Similarly, the AdS
soliton solution analytically continues to a member of the dS-Kasner family of spacetimes
(see [32]), which have been studied as anisotropic models of inflation (see e.g. [33, 34]).
Analytic continuation of AdS-Melvin spacetimes and their generalizations [30] will give
anisotropic inflationary cosmologies with early electromagnetic phases.
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